T he rapid and extensive dissemination of CTX-M-type extended-spectrum ␤-lactamases (ESBLs) in humans, animals, and the environment is one of the most successful stories of microbial drug resistance (1). CTX-M ␤-lactamases were originally named for their substrate preference for cefotaxime over ceftazidime (2), but subsequent microevolution means that many of the 140 variants currently listed (as of June 2013) at http://www.lahey.org /studies/other.asp#table1 confer resistance to both cefotaxime and ceftazidime (3, 4). CTX-M variants can be divided into six clusters (CTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, CTX-M-25, and KLUC, with Ͻ90% identity between clusters and Ͼ95% identity within clusters) (1, 5, 6). CTX-M-1 and CTX-M-9 group enzymes are the most frequently reported groups worldwide, and CTX-M-15 and CTX-M-14, respectively, are the most common variants within these groups (4, 6). In 2010, CTX-M-64, a chimera of the CTX-M-1 (N-and C-terminal domains) and CTX-M-9 (central domain) group enzymes, was identified in Japan (7) and then China (8), and a similar chimeric protein, CTX-M-132, was also recently reported in Escherichia coli from a chicken carcass in China (GenBank accession no. JX313020) (Fig. 1) . Here, we have identified bla CTX-M-123 , a third hybrid of bla CTX-M-1 and bla CTX-M-9 group genes.
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Two E. coli isolates were obtained from the feces of diseased animals, FKP358 (pig) in Guangdong Province in December 2010, and AHC4 (chicken) in Anhui Province (ϳ1,200 km from Guangdong Province) in June 2011. Multilocus sequence typing (MLST) (http://mlst.ucc.ie/mlst/dbs/Ecoli) identified AHC4 as sequence type 746 (ST746) and FKP358 as ST165. Both isolates were resistant to most ␤-lactams, including ceftazidime and cefquinome (Ͼ64 g/ml), but were susceptible to imipenem and cefoxitin (Table 1) . PCR screening for selected bla genes (bla TEM , bla SHV , bla CTX-M , and bla CMY-2 ) (8, 9), plasmid-mediated quinolone resistance (PMQR) genes, including oqxAB (10), and fosfomycin resistance (fos) genes (11) revealed bla CTX-M , bla TEM , fosA3, and oqxAB in FKP358 and bla CTX-M in AHC4.
Broth mating with E. coli C600 (streptomycin resistant; MIC, Ͼ2,000 g/ml) and selection on cefotaxime (2 g/ml) and streptomycin (2,000 g/ml) gave transconjugants from AHC4 only, carrying two plasmids of ϳ90 kb (pHNAH4-1) and Ͻ5 kb (pHNAH4-3). Hybridization with a probe generated by digoxigenin (DIG) High Prime DNA labeling (Roche, Germany) of the amplicon generated with primers M123-F and M123-R (see Table  S1 in the supplemental material) indicated that the bla CTX-M gene is on pHNAH4-1. Transformation into E. coli DH5␣ with selection on cefotaxime (2 g/ml) gave transformants carrying a single ϳ60-kb plasmid with bla CTX-M from AHC4 (pHNAH4-2) and a single ϳ90-kb plasmid with bla CTX-M , bla TEM , and fosA3 from FKP358 (pHNP358).
Complete sequencing of bla CTX-M genes amplified using primers designed from the typical context of bla CTX-M-1 group genes (see Table S1 in the supplemental material) revealed bla CTX-M-55 in pHNAH4-2 and a novel bla CTX-M gene in pHNP358 and pHNAH4-1. BLAST searches (http://www.ncbi.nlm.nih.gov /BLAST/) indicated that nucleotides 1 to 387 and 712 to 876 are 100% identical to those in bla CTX-M-15 (GenBank accession no. AY044436) and bla CTX-M-117 and nucleotides 376 to 722 are 100% identical to those in bla CTX-M-14 (AF252622) and also bla CTX-M-24 , -27 , -65 , -90 , and -98 . In the deduced protein sequence, amino acids 1 to 135 and 234 to 291 are 100% identical to CTX-M-15 and 122 to 241 are 100% identical to CTX-M-14 ( Fig. 1 ). This hybrid protein was designated CTX-M-123 (http://www .lahey.org/studies/webt.asp).
pHNAH4-1 and pHNP358 carrying bla CTX-M-123 are both IncI1 by PCR-based replicon typing (12) and ST108 by pMLST (13), while pHNAH4-2 carrying bla CTX-M-55 is IncI2. ApaLI or EcoRI digestion of pHNAH4-1 and pHNP358 DNA extracted by rapid alkaline lysis (14) gave similar patterns (Fig. 2) , and differences could be explained by differences in resistance regions, as pHNP358 carries bla TEM and fosA3, while pHNAH4 does not.
ApaLI or EcoRI digestion of pHNAH4-2 gave patterns identical to the IncI2 plasmid pHN1122-1 (GenBank accession no. JN797501) (15) , which also carries bla CTX-M-55 (Fig. 2) .
To determine the wider context of bla CTX-M-123 , the EcoRI digest of pHNAH4-1 was ligated to pUC19 (ampicillin resistant) (TaKaRa Biotechnology, Dalian, China) and transformants in E. coli DH5␣ were selected on cefotaxime (2 g/ml), giving pUC19-M123. Sequencing of the 4.3-kb insert of pUC19-M123 revealed bla CTX-M-123 (Fig. 3) in the same context as bla CTX-M-55 in pHN1122-1, despite pHNAH4-1 being an IncI1 rather than an IncI2 plasmid. PCR (see Table S1 in the supplemental material) indicated that bla CTX-M-123 in pHNP358 and bla CTX-M-55 in pHNAH4-2 are also in the same context (Fig. 3) . In this configuration, ISEcp1 lies 45 bp upstream of the bla CTX-M-55 gene and orf477⌬ downstream is followed by a 112-bp fragment matching IncA/C plasmid backbones (Fig. 3) . In pHNAH4-1, the IncI2 region is at least 2,130 bp (to the EcoRI site), but further PCR (see Table S1 ) did not detect IncI2 sequence upstream of ISEcp1, suggesting that ISEcp1 may have mobilized a fragment of IncI2 backbone in addition to bla CTX-M-123 and inserted it in an IncI1 backbone.
Examination of the context of bla CTX-M-64 in E. coli AHC46 (from chicken feces, Anhui Province, June 2011) revealed the same context as bla CTX-M-55 on an IncI2 plasmid closely related to pHN1122-1 and pHNAH4-2 ( Fig. 3) , but no context information is available for bla CTX-M-132 . The same 45-bp spacer sequence is found between ISEcp1 and bla CTX-M-123 , -55 , and -64 , rather than the 48 bp usually associated with bla CTX-M-15 (see Fig. S1 in the supplemental material), and the flanking regions of bla CTX-M-123 , bla CTX-M-64 , and bla CTX-M-55 are also identical (Fig. 3) . This suggests that bla CTX-M-123 and bla CTX-M-64 could have resulted from recombination between bla CTX-M-55 and bla CTX-M-14 , the dominant bla CTX-M genes in China, especially in E. coli from animals (8, 16, 17) . However, bla CTX-M-55 has a nucleotide substitution at position 239 (resulting in A77V) compared with bla CTX-M-15 and bla CTX-M-123 (Fig. 1) . bla CTX-M-123 may have been generated by recombination between a bla CTX-M-15 gene in the bla CTX-M-55 context, not identified as yet, or possibly reversion of the mutation in bla CTX-M-55 after recombination. Homologous recombination to create these chimeric bla CTX-M genes would require the simultaneous presence of both bla CTX-M types in the same cell. We previously found both bla CTX-M-55 and bla CTX-M-14 in six isolates and bla CTX-M-64 coexisting with bla CTX-M-14 and/or bla CTX-M-55 in other isolates (8) . AHC4 carries bla CTX-M-123 and bla CTX-M-55 in the same immediate contexts on different plasmids, pHNAH4-1 (IncI1) and pHNAH4-2 (IncI2). bla CTX-M-14 is frequently associated with IncI1 plasmids (16, 18) , and bla CTX-M-55 is commonly located on IncI2 plasmids, similar to pHNAH4-2 (15) . These considerations strongly suggest that homologous recombination between bla CTX-M-55 and bla CTX-M-14 is possible. Currently, the evolution and diversification of CTX-M ␤-lactamases are considered to be a consequence of accumulation of substitutions in key amino acids (such as A77V, P167S, and D240G) leading to changes in the steric interactions with ␤-lactams and driven by cefotaxime and ceftazidime selective pressures (4, 7, 19) . However, it seems likely that CTX-M ␤-lactamases are also evolving by homologous recombination between members of different groups (4), as observed in CTX-M-64, CTX-M-123, and CTX-M-132. As the coexistence of two or more CTX-M-type ␤-lactamases in the same strain is no longer an unusual event, and bla CTX-M-1 group and bla CTX-M-9 group genes have many homologous regions, other recombinant enzymes may emerge in the near future. Both CTX-M-123 and CTX-M-64 (7) showed high MICs for ceftazidime, and any additional factors involved in the selection of these chimeric ␤-lactamases need to be elucidated.
The three known hybrid CTX-M-type ␤-lactamases all have been detected in China, and all have been associated with food animals or animal food. The fact that similar IncI-type plasmids carrying the bla CTX-M-123 gene were found simultaneously in different animal species in different regions of China, suggesting rapid dissemination, is of particular concern. Thus, it is important to monitor food animals, as well as the environment, for the emergence and prevalence of such chimeric ␤-lactamase genes that may be introduced into the community and human clinics through the food chain.
Nucleotide sequence accession numbers. The sequences determined in this study have been deposited in GenBank under the following accession numbers: bla CTX-M-123 from pHNP358, JN790864; bla CTX-M-123 from pHNAH4-1, KC160505; bla CTX-M-55 from pHNAH4-2, KC576516; and bla CTX-M-64 from pHNAH46-1, KC576517. bla CTX-M-55 in pHNAH4-2 (KC576516) and pHN1122-1 (JN797501), and bla CTX-M-64 in pHNAH46-1 (KC576517). Arrows with different colors/shading indicate the positions and directions of different genes. In bla CTX-M genes, black corresponds to bla CTX-M-55 (except for the position marked * in bla CTX-M-123 ), white to bla CTX-M-14 , and gray to short sections matching both of these genes (Fig. 1) . The 5-bp direct repeats flanking the bla CTX-M-55 transposition unit and the EcoRI (E) sites at the ends of the bla CTX-M-123 fragment cloned from pHNAH4-1 are shown.
